This paper presents an overview of the economics of wireless transport focusing on PCS and LMDS as compared to the existing incumbent local exchange carriers, namely the ILECs. The paper also addresses the issues of universal service and presents an analysis of how wireless may be a viable player in that environment. The paper combines the approaches from several different fields and demonstrates that wireless has applications as a provider of universal services in certain niche areas but it is not a clear universal applications. The paper also develops several policy issues as to how best to deal with the issue of universal services and also addresses the issue of how far that social demand should be extended.
INTRODUCTION
Wireless local loop is a vision of how wireless technology may be deployed in the provisioning of local telephone service. Both the large existing entities such as AT&T and the entrepreneurial entrants such as NextWave and others have look at taking the PCS spectrum and using the new technologies to allow for the provision of full local loop capabilities in a wireless fashion. This paper discusses the economic viability of such a plan.
There currently are several different strategies aimed at the presentation of local telecommunications. One is the strategy of attempting to go head to head with the existing LEC on a local loop only basis. The other is the bundling of this with other services, such as long distance and television delivery to attempt to obtain scale economies in the delivery of the services. The latter approach is clearly expressed by both AT&T and MCI.
The key issue is initially one of cost. Can wireless be delivered at a lowered costs per unit service than can the existing wire based local loop. Previous analyses have shown that wire base systems have capital per subscriber as high as $1,800. Wireless is at about $250 which does not include the handset. However the incumbent has these as sunk costs whereas the new entrant has these as entry costs. This is a significant difference. Add to this the license costs which in many cases equals the cost of capital plant.
There is also the issue of bundling. PCS generally is a voice only system, although some data is available. LMDS is a voice, video and data system at 28 GHz. The question is, does the ability to bundle significantly increase the entry opportunity.
Finally, all of these wireless financial numbers are exclusive of any Universal Service coverage commitment. If one adds a surcharge on all players then the approach is simple and each customer is taxed for the Universal Service Fund. If however there is a requirement to physically cover, then this is generally uneconomic. We shall show the value per PoP versus population density. It is clear that in most wireless application of the Telecommunications Act. The litigation of any case in this area will require an understanding of the philosophical framework underlying its application.
Philosophical Underpinnings
The issues of political philosophy may seem a far cry from wireless communications but it is clearly in the middle of it. Any process which provides a service which the government is in the middle of will perforce have a political element and in turn an overriding political philosophy. We consider two philosophies and their implications.
The first is the Rawls philosophy of John Rawls. His philosophy has three elements. The first is his concept of an Original Position. The Original Position is that all governments are based on a "contract" between its citizens and that the ideal contract is one developed in a consensus between all its citizens that allow it and them to agreement on principles of government. This is like Rousseau and the Social Contract. It is a contract amongst and between the citizens and the government, one and indistinguishable. From this follows the two Rawls principles of justice; First Principle, each persons shall have equal rights to the most extensive total system of equal basic liberties with a similar system of liberty for all, and Second Principle, social and economic inequalities are to be arranged so that they both, (I) provide the greatest benefit to the least advantaged, and (ii) attached to offices and positions open to all under conditions of fair equality of opportunity. 3 One may say what does this have to do with the Internet. Simply stated this philosophy controls access prices and who "must have" access. As to access prices, this is reflected in the Baumol Willig theorem of access pricing. They have used the concept of Ramsey pricing, also know as second best pricing. This is a sub-optimal version of Pareto pricing. Pareto pricing is a pricing mechanism in the market whereby any change in one person to increase their welfare will not diminish the welfare of any other person. Thus something is Pareto optimal if I give you one more candy bar, that increase your welfare or happiness, and that their result of doing so does not upset anyone else. Hardly a reasonable assumption but a key basis of economic. The Ramsey scheme tries to balance welfare and profit.
The Baumol Willig theorem states that we want to maximize the welfare of the populace while keeping the profits of the monopolies high. This is a classical example of an ad hoc propiter hoc theorem. Clearly the result is that we tax the people and subsidize the monopoly.
The other issue is how do we measure welfare. If we are a Rawlsian then we measure welfare as the welfare of the least of us and not the average welfare. Rawls states that if we maximize average welfare then we disadvantage the least of us and this is not just. Thus as a Rawlsian we demand Universal Service. We must insist that all people have access to all service elements, whether it makes economic senses or not, we do so via wealth transfer.
Hopefully, this political theory should now not seem too foreign. Ralwsians favor the implementation of access fees and the implementation of Universal Service. Indeed, the true Rawlsian would impute Universal Service to even computer terminals as has been stated by Vice President Gore.
In contrast is the classic liberal, now called libertarian view. It is more a combination of minimal government involvement and maximizing utility to the consumer. This is the philosophy of the utilitarian. Here we assume that government has a de minimis role and that the market follows of its own accord and that the market, in an Adam Smith fashion, will clear any inefficiencies of distribution and pricing mechanisms. It assumes that each business should stand on its own stead and that utility is maximized on average. The result from the libertarian school, as opposed to the contractarians or Rawlsians, is the elimination of access fees and the elimination of universal Service.
It will be important to recognize that these political philosophies dominate the overall play of regulation is all markets. These two schools of thoughts, the libertarians versus the contractarians, whether they know they are one or not, will have a great deal to do with our development as an industry.
Rawlsian Approach
Rawls has proposed a theory of justice that is a statement of what many proponents of antitrust theory ion the mid-fifties and sixties promulgated. The essence of Rawls' theory has three elements; 4 Original Proposition: There exists a means and method for a society to establish a Contract amongst and between themselves. This Contract thus created in this society of the just is one that maximizes the return on every transaction to the least of the individuals in the society. 5 This approach to contractarianism is one related to individuals in a non-bargaining environment establishing between and amongst themselves a "contract" to govern their society. 6 There are two elements contained herein. The first is the essence of a contract, and in fact a form of social contract between the members of society and amongst them as a whole. The second element is that of a view towards man as a constrained and unconstrained view of human nature. 7 The unconstrained view states that man, individually and in concert, has the capabilities of feeling other people's needs as more important than his own, and therefore we all act impartially, even when the individuals own interest are at stake. The constrained view is to make the best of the possibilities which exist within the constraint.
For example, the constrained view of universal service is one which would state that if it costs a certain amount to provide the service, an there is a portion of the society not able to purchase the service, then there is no overriding need to provide it if such a provision is uneconomical and places a significant burden on the other member of society. The unconstrained view, as a form of socialism, states that if there is the least of us in want for whatever the telecommunications revolution has in store, then they should have access to it at whatever cost. 8 One can see that the current trend in Universal Service is such an unconstrained view, especially as viewed by the current Vice President in his actions over the past four years.
Rawls approach to this contract is one wherein the individuals in the society collect themselves as individuals, and agree to a plan for the operations of that society. 4 See Kukathas and Pettit for an excellent expository of the Rawlsian theory. 5 Indeed in the Rawlsian world the individual posits their position and does so without any negotiation and thus posits a position assuming that that individual will be the least amongst players in that society. Such a position, to create justice in that society, is a maxi-min position. 6 This is the same in many ways of the Social Contract envisioned by Rousseau. Second Principle of Justice: social and economic inequalities are to be arranged so that they both, (i) provide the greatest benefit to the least advantaged., and (ii) attached to positions available to each individual under conditions of fair equality of opportunity. This latter elements is the means to establish a Schupeterian form of socialistic control. If we were to define the public welfare by a function W, and each individual listed as a variable I n , then the policy choice, P k , is chosen such that the welfare is maximized for the least advantaged. Specifically, if the utility of policy P k to I n is a function U, then we defined a Rawlsian system as one which performs the following mathematical function:
where P 0 is the initial state and P M is the application of the new policy. What this states is that we want to maximize the society welfare subject to the constraint that no individual suffers due to the change.
We can compare this to the utilitarian school which states that we seek the maximization of:
which is not constrained on what happens to any one individual but to society as a whole. This approach is also one applied by Baumol and Willig in the establishment of interconnections and access rates and is the basis of the Ramsey tax policy. The Ramsey approach is Rawlsian whereas the approach of an Adam Smith or other utilitarians is the average approach. 10 The application of the Rawlsian theory of justice is a key factor in the current telecommunications act. Specifically it is an element of the universal service portion in that the Act requires that the least of us receive the same as the greatest of us. 
Habermas Theory
A slight distinction to Rawls is the theory of Habermas. In the Rawlsian case the contract is generated in a mass meeting of all people. Rawls assume that such a meeting would engender the development of a justice system that would provide for the equal justice for all and ensure the result that the least of all would be protected. Habermas, and as recently stated in his most current publications, takes a similar but drastically different tract. He assume some form of representative government which comes up with a more average form of justice. One could state that this is what we see in many republican democracies. In contrast to least 9 This is a modification of the Ramsey pricing scheme of constrained maximization. Also there are variations as discussed by Baumol are: the classic Pareto, the Kaldor, the Scitovsky, and the Bergson. The problem with these approaches is that they are all ad hoc propiter hoc approaches.
getting the same, in the Habermas system one would expect a more averaging of the welfare function over the population.
The Habermas distinction is that the contract is created by a different and representative group which takes into account certain economic realities. In some sense this is a representative democracy. The Habermas approach is in many ways intermediate to Rawls and Bentham.
Utilitarian School
The utilitarian school has as one of its key developer Jeremy Bentham. Bentham, to paraphrase Posner, states that people are rational maximizes of their own utility or satisfactions in all areas of life and that economic efficiency is an ethical and scientific concept. 12 The utilitarian approach does not generally focus on the individual, and thus that constraint of Rawls is absent. It assumes that the individual can make an economic choice. For example, as regards Universal Service, if I decide to live in Montana in the mountains, I have made a utilitarian choice of maximizing my satisfaction.
In that choice, independent of government intervention, I have chose to forgo the advantages of a broad based telecommunications access. I will not have a Mbps link to my cottage, I will not have video on demand, and I may not have access to the Internet. I have no social contract with others and deal solely with myself. That choice is then my choice. If however, the Government is a Rawlsian approach, mandates that I have the telecommunications access, then this may of may not be reflected in my choice of where to live but it clearly costs the other members of society who are now taxed to pay for this added satisfaction, albeit questionable, which I am now the recipient of.
As a utilitarian policy analyst, I would not require any form of Universal Service, and in particular I would argue for free and competitive open markets. These two extremes will be at the hear of the battle over Universal Service.
LMDS
LMDS, Local Multipoint Distribution Services, is a generic terms for the deployment of integrated two way voice, video and data services using the generic 28 GHz band. 13 The LMDS systems are to deployed after the FCC auctions the spectrum in this band. This is expected in late 1996 or early 1997. LMDS is an immediate extension to MMDS, microwave multipoint distribution services. LMDS may very well supplant MMDS. MMDS in many ways is merely microwave to buildings and is in reality a real estate business since the target market is multiple dwelling units. However, LMDS it has been argued is focused on all forms of residential and commercial applications.
The service provided are a mix of video, voice and data. The system must have the capability to reallocate the amount of capacity between all three general areas. This allocation must be both on a quasi-static basis as well as adjustments on a real time basis. The system thus has a dynamic management capability that it must provide.
Services
The system may provide, at a minimum, the following general services:
Voice: The system may provide full switched toll grade quality voice service. The voice quality may be telephone toll grade or better and there may be no delays in speech that are perceptible to the user. The user may interface with the system by a standard method or means typically being an RJ-11 standard telephone jack employing their own standard telephone in the case of a residential user. The voice user is not expected to change any of their infrastructure interfaces. The "normal" telephone connection may be provided by means of the LMDS local interface unit, the LIU. The LIU may be compatible with any and all normal accepted telephone interfaces. The system must also provide all typical custom calling and CLAS features as expected in normal deliver of a competitive wire based telecommunications service.
Low Speed Data:
The system may be able to provide data at the rates of 1.2 to 9.6 Kbps on a transparent basis and have this data stream integrated into the overall network fabric. The system may handle all data protocols necessary in a transparent fashion. The network may allow local access to value added networks from the local access point. The low speed data may be provided for over a standard voice circuit from the users premises as if there were no special requirement. There may be toll grade or better quality. The system may also be capable of support all Group 3 fax services.
Medium Speed Data:
The network may be able to handle medium speed data ranging from 19.2 to 64 Kbps.
The interfaces for such data may be value added network local nodes. The medium speed data may be provided for over a standard voice circuit from the users premises as if there were no special requirement. There may be toll grade or better quality. The interconnection for 64 Kbps may also be ISDN compatible.
High Speed Data:
Data rates at and in excess of 1.544 Mbps may also be provided on an as needed basis and a dedicated basis. The data rates may be between 1.544 Mbps and a maximum of 155 Mbps. The BER may be less than 10 -9 . Also it may be required to provide access to such high speed data services as Fast Ethernet and FDDI at 100 Mbps. This may require both physical layer interfaces and the datalink and network layers as specified in the particular protocol. The system must also support multiple layer protocols including TCP/IP. Also the data must be point to point, point to multipoint, and multi point to multi point.
Video:
The network may be able to provide the user with access to analog and digitized video services. This may also enable the provisioning of interactive video services. The video services may enable a system with a minimum number of channels of 150 video channels of remote programming, ten of local off-air programming, and 20 locally generated programming. The interactive video may allow for ten channels of pay per view at a minimum, and interactive channels for local information selection. Video must also support such tiered services as basic, premium, pay per view, and interactive. The inputs to the system are from such sources as off-air, local generated, satellite, and other sources. Sources may be analog or digital, encrypted or not.
LMDS Architecture
This section presents an overview of a possible LMDS architecture. The overall design is shown in the following Figure. Here is shown a connection to the Telcos and to external video sources. There is a connection to a Telecommunications Switching Unit, TSU, and to a Video Provisioning Unit, VPU. The connections between these and the DCU, the Digital Connection Unit, is a digital signal. The DCU takes the digital signals from the TSU and VPU and combines them in a common broadband digital signal, assigns it is a TDM form for transmission and then places it in the appropriate RF format for transmission to the BSU, the Base Station Units or nodes. The input from the BSU is also passed throughout he DCU and is fed to the TSU if it is data or voice, and to the VPU if it is a video control signal. The actual embodiment of these units will be left to the system integrator to complete. However, it will be essential that these be separate embodiments and separately controllable and upgradeable.
System Architecture
The BSU transmits in the LMDS band to the NIU in the end users premises. The signal from the BSU is TDM and the NIU return is TDMA.
The proposed carrier plan is shown in the following Figure. It shows a broadband video carrier which is TDM and a set of narrowband local video digitized inserts. It also shows a transmit voice band comprised of sets of carriers and a guard band separating the receive TDMA carriers. The receive carriers may also be 40 MHz or some other bandwidth occupancy. The detailed carrier plan in the following Figure shows a low band of 850 MHz and a high band of 150 MHz. The low band is further split into a video sub-band and a voice sub band. The low band may be used for transmission from the node to the end user and the high band for transmission from the end user to the node. Allocations other than what has been proposed may be deployed depending on the ability to achieve overall system performance and services acceptability. There is a balance between sectoring and increased antenna gain and the number of sectors and their cost. The larger the number of sectors the smaller the beamwidth and the greater the gain and the longer the effective range. It is anticipated that there is an optimum sectorization depending on the terrain. In hilly areas the line of sight, LOS, is limited by obstructions so that no matter how great the gain on the antenna, and effectively how many sectors, there is a diminishing return in the design. Many designs will employ a single beam or sector.
6-Way BSU Frequency Architecture
The BSU to NIU connection is from the sector antenna at the BSU to the NIU antenna which is a narrow beam and high gain antenna. The antenna beam from the NIU assures that frequency interference is kept at a minimum. This is the standard approach as was used in such systems as the Interdigital system. 
PCS SYSTEMS
PCS, Personal Communications Services, is nothing more than the expansion of bandwidth and the introduction of competition in wireless. It is not a specific frequency band, a new technology, nor added features and services. It is the introduction of competition in the new markets. This is a definition that is economically driven and not technologically. One should avoid the battles between TDMA and CDMA, between 800 MHz and 1.9 GHz, between voice, and two way paging. PCS I the commoditization of air time. It will allow entrepreneurs to take unbundled air time and create highly competitive new services and systems.
When viewed in this sense, PCS is comprised of two 800 MHz providers of 30 MHz each, three 1.9 GHz providers of 30 MHz apiece, three 1.9 GHz providers at 10 MHz apiece, and a SMR set of providers in 900 MHz at about 5-10 MHz apiece. Thus there are nine wireless providers of a commodicizable product, namely airtime. Unlike LMDS, PCS is mobile. PCS has less bandwidth and is generally focused on large regions of coverage. LMDS is fixed as a service, it may be delimited as a LEC to a single state, whereas PCS, as is all of cellular, able to cross state boundaries. This is a dramatically different regulatory constraint. PCS providers are Commercial Mobile Radio Service, CMRS, providers. LMDS providers are LECs.
System Elements
The design strategy in this section proposed uses a CDMA approach which has been selected since it provides the lowest cost per subscriber. The design of the system using CDMA demonstrated the ability of that technology to balance coverage and capacity. However, it can be shown that with the cost reductions in GSM TDMA technology the differences are getting smaller over time. We can characterize these two domains as follows:
Capacity Domain: In this case there are enough cell sites and they are deployed so that at no time is a unit too far from a cell. For high powered units this may be a great distance. For lower power units this may be quite a small distance. However, there are so many users per cell area that the load exceeds the capacity of a cell. To meet the demand, cells must be split and the frequency reused. This installation of new cells for the reason of reaching a capacity limit is called the Capacity Domain.
Coverage Domain: As with the capacity domain, the coverage domain is that situation when new cells are added because users are too far away from any cell. The coverage domain of PCS is that time where there are less than the saturation number of subscribers per cell in all of the cells. It generally is that period where the system has just been deployed and the customer base is growing.
The current analog systems were in the Capacity domain several years ago and they were predicting dire results. With the sale of portables this has shifted to the coverage domain. TDMA was a response to the capacity driver only. CDMA is a response to the coverage driver as well as the capacity driver. To balance the fluctuation between the two domains in a cost effective fashion, it is necessary to have a technological infrastructure that meets the two needs, this is provided by CDMA.
In the analog world, cell capital costs are typically $1 million per site and a typical site may cover a radius of 10 miles for a 3 watt mobile or 2 miles for a 0.6 watt portable, and a cell has a capacity of 40-50 instantaneous calls at any one time. The adjacent cells must use separate frequencies and thus there is a proliferation of cells and a significant amount of capital in cell sites. For example, New York has over $350 million in cell sites per carrier and Boston has over $150 million. This number is for each carrier, A and B side. Thus in New York, at $250 million and for 125,000 subscribers, this is $2,000 of cell capital per subscriber.
Capital in the system will be divided into two major categories; local service infrastructure (LSI) and national service infrastructure (NSI). The LSI portion consists of all elements of the system up to and including the switch. The NSI portion is all elements from the switch on back. The NSI will also include elements that comprise the databases and computer support.
Six independent elements have been identified in the overall PCS architecture. They are as follows;
• Portable: Provides the end user access to the network for voice and or data services.
• Local Service Infrastructure (LSI): The LSI provides three elements. The first is the establishment of a virtual circuit between the portable and the LSI. The second is the interconnection within the LSI covered areas between portables. The third is access to the other network interfaces to allow off net connections to LECs and IECs. It is important to note that the LSI has a sense of switching but that the implementation of the LSI switching can be implemented in many ways.
• Operations Support Systems (OSS): The OSS provides for the overall national amendment functions of the PCS network, including network management, customer service, billing, operator services and other elements.
• Service Provider Infrastructure (SPI): The SPI is a third party service node that can provide such services to the PCS users as may be found in Intelligent Network Services. These may be the services such as messaging, voice mail etc.
• Local Exchange Carriers (LEC): This is the access to the LEC and the LECs customer base. It allows LEC customer access to the LSI and the PCS customer access to the LEC customer.
• Interexchange Carriers (IEC): The IEC provides access to other inter LATA LEC customers and other PCS customers in different regions.
LSI Elements
CDMA dramatically changes the cost equation. First, CDMA will allow 10 to 20 times the capacity per unit bandwidth as analog. Second, CDMA allows for use of the same frequencies by keeping separations through the direct sequence codes in the technology. Simply put, a CDMA cell site may cover a 3 mile radius, yet have the capacity of 75 channels per 1.25 MHz of Bandwidth. Using a CDMA system, one may cover a greater area and thus be run at maximum utilization of close to 90% or more per site.
The costs associated with this configuration are those capital and operating costs of the cell and the MTSO as well as the carriers charges for the PSTN. For a cell there are specific life cycle factors that control its overall costs are: Cell Site Location and Planning, Cell Construction, Cell Capital, Cell Installation, Cell Operations, Cell Maintenance, and Cell Repairs.
The first four items are part of the initial capitalization and may take anywhere from six months to two years, depending on how quickly access is allowed to the site. The last three elements are ongoing. In some systems, the sum of all these costs for the full life of a cell, seven to ten years, may be two to three times the cell installation capital. Thus cell site life cycle costs are a critical factor to manage in a system.
The following Figure depicts the PCS architecture used for pricing. To effectively compare technological alternatives we must have models for the effective utilization of capital in the two cases. In this section we shall develop these models in summary form. We assume that the system is composed of the following three generic elements;
Architecture of PCS

Base Terminal Stations (BTS):
These devices are placed in the field and there are as many BTSs as are need for either coverage or capacity. The first demand is coverage. A BTS may cover 20-30 square miles, depending on the power, the modulation, the multiple access, and the capabilities of the wireless end user terminal. For example, in CDMA with PCS, a BTS has three sectors, and covers three mile radius or about 33 sq. mi. per BTS. If there are no customers, then for 1,000 sq. mi., one need approximately 30 BTSs. A BTS also serves one or more CDMA channels. In narrow Block CDMA (namely 1.25 MHz per channel), the CDMA channels must be added each time the system load goes beyond the capacity of one link. Namely, a CDMA channel at 1.25 MHz and with three sectors services 75 instantaneous channels or "trunks", whereas analog services 7. 16 If a user is busy only 100 minutes per month, then this is an activity ration of 1%, thus 75 trunks handle 7,500 subscribers in this 30 sq mile area. If there is a 10% penetration, then the population is 75,000 people, or PoPs, in 30 square miles, or about 2,700 PoPs per square mile. This is a high population density. As the traffic increase, more CDMA channels must be added. Also in any system, trunk interfaces are added as the trunks are added, perforce of traffic growth. 16 The calculation for analog goes as follows. each analog signal occupies 30 KHz of Bandwidth. There are 42 such channels in 1,250 KHz. Yet there is a reuse factor of 7 for analog. This means that for every cell, the surrounding 6 cells cannot use the same frequency amongst them, thus the 42 number must be divided by 6, yielding 7 channels. The CDMA system thus has a 10:1 ratio over analog.
Base Station Controllers (BSC):
The BSC provides for the overall coordination and processing of the switched signals. It typically can handle a multiple set of BTSs and a multiple set of trunks. In the current CDMA narrowband system, a BSC handles up to 50 BTSs.
Switches (SW):
The switch for Mobile Switching Center ("MSC"), interfaces with the LECs and the IECs. It is sized based on a fixed component and a component dependent upon the number of trunks. Newer systems use ATM switching which has proven to be more efficient for the packet type voice signals integrated with data in a wireless environment.
The financial models for a narrow-band CDMA system is presented below. It assumes that there are 1.25 MHz channels along with a total available spectrum as discussed above, and it assumes that the area covered is 1,000 sq. mi. The results show Capital per subscriber as a function of the total subscriber base. It should be noted that there is significant scale in the lower end.
The following set of sizing are based upon vendor supplied financial numbers but are retail and do not include any volume discounts or other factors. Note that the system capital for the 10 MHz system is about $366 per sub and reaches that at almost 50,000 subs as we have specified. From that point on Capital per sub is all marginal, namely it lacks scale. 17 Note in the second case, whether we have 30 MHz, we have reduced Capital per subscriber from $366 to $336. This is a $30 per subscriber penalty for only 10 MHz but may be more than set aside by the lower cost of the spectrum. 17 It should be noted that in the C Band auctions the bidders bid an average of $50 per PoP. The F Band is less than one tenth that number. However, from the above analysis, there is less than an 15% capital penalty for the use of 10 MHz CDMA. Thus the lower bid price must reflect the dilution of the market from the larger number. CDMA has a larger single cell radius at 0.6 W than does all of the other systems. This is due to the lower E b /N o needed for the link. This will have a dramatic effect in achieving the targeted cost per customer number. We shall use the example of CDMA technology to demonstrate how this new technological infrastructure can enable the new market. We shall briefly describe the CDMA system and then proceed to the financial implications of using this new technology.
Operations Support Systems
The OSS elements are generally computers, workstations, memory units and other MIS type systems. Capital is composed of initial fixed capital and then incremental growth capital. These have been sized and are part of the overall model. We will show their impact when we develop the design of the system.
The provision of OSS will entail several dimensions of service capabilities. These may or may not be from a single service providers but must be able to be integrated into a single service provisioning element. The following are the sets of functions to be provided :
Network Management
The local and national backbone network must be managed and controlled in a real time fashion. Operating entities, at all levels of operation, must have the capability of being monitored as to operational effectiveness, network performance, and impact on their interconnecting network elements. The Network Manager must be able to determine the locations of any and all outages or system degradation points in the network, or in any other network that a customer may have access to.
IEC Interface Management
IEC Management must be performed to ensure the establishment and proper maintenance of any and all IEC interfaces and connections to the local PCS network. The overall management service will include such items as circuit ordering and scheduling, circuit interface negotiations, optimization of network design, and the physical management of the integration of the networks. It has been assumed that the IEC interfaces will be consistent with all other equal access provisions and that no IEC will receive any preferential treatment.
Customer Service
The Customer Service function will provide customer service capabilities supporting such areas as billing, service quality, inquiries, service features, service upgrades, and complaints. Customer Service is the most important part of the provision of service. The customer only needs Customer Service when the service is not totally transparent and thus when the service is not meeting the customers needs. Therefore, Customer Service is the MOST critical function that can be provided and must be provided with utmost care and effectiveness.
Billing
The Billing Function must be responsible for the full life cycle factors associate with billing. This includes the capture of billing data, both local and IEC, the processing of the data, the preparation of the bill, the issuance of the bill, and the collection, reporting of and corrections to the bill. The billing function in essence consists of all functions necessary to collect the bill for services rendered, commencing from the time the service is requested, through the necessary intermediates steps and through all intermediaries.
Roaming Implementation
The Roaming functions are required to provide a national and seamless service. The roaming functions require the establishment of a national database and a national identifier system. All portables must have an identifier and self registration facility to identify themselves as they enter a new system. This must then be integrated into the active roaming database and all calls must be routed accordingly.
Repair Dispatching and Maintenance
The RD&M function is required when a fault is detected. The function prepares the trouble ticket and the dispatch ticket and the inventory dispatch ticket. It closes out all repairs and reports on the results. The following reflects the results of these assumptions.
ECONOMIC COMPARISONS
PCS Valuations
The issues of PCS valuations is based on several factors:
• Market Penetration and Size: The greater the market penetration the greater the share. The greater the share the more effect the competitor can then be. Share is dependent upon brand recognition. Thus a large entrant with a brand will tend to have a better share.
• Capital Efficiency: The efficiency of capital use in the local plant by the bidder. This is technology dependent and size of purchase dependent.
• Operating Efficiency: The ability to provide a national infrastructure of such services as network management, billing, roaming and customer service will allow for a lower set of operating costs per customer, and possibly even operating costs on a marginal rather than average basis. This will dramatically change cash flow.
• Cost to Acquire Customers: The issue of brand reflects not only the revenue element but also the costs element of acquiring a new customer.
• Access Fees: Access fees will make or break this business.
• Cost of Capital: The cost of capital will dramatically effect the price of a bid. This is dramatically different for a PCS provider and an RBOC.
The analysis has developed a detailed model for each BTA from which the NPV per PoP can be determined. The anticipated bid value is typically set at 50% of the NPV per PoP. Higher values can be placed, but a reservation price of 85% of the NPV will be set.
The following 
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Those numbers are generally comparable to the PCS numbers. The bidding for these properties, again being based on BTAs are expected to be late in 1996 of sometime in 1997.
INTERCONNECTION
The interconnection issue is a major factor in the deployment of any wireless systems. The new Act provides a significantly changed platform upon which the new entrants may operate. This section provides an analysis of the interconnect problem from the CMRS's facilities to the I-LEC, the incumbent Local Exchange Carrier and from a C-LEC to the I-LEC. As has been discussed in previous papers, the interconnect issue for a wireless carrier falls into two categories; intra-plant and inter-plant. 18 The intra-plant issue is that between cell sites and the carriers own switch and the inter is between the carrier's switching facilities and the I-LEC's facilities. The intra was discussed in Telmarc Report TR-96-008. The overview of these issues is shown below. This Figure depicts three issues: first is that the intra-plant facilities are generally under the total control of the carrier. Second, that the end office I-LEC interconnect is clearly under the control of the Section 251 reciprocal compensation rule. Namely, such agreements as those between WinStar and NYNEX allow for termination of traffic here on a mutual compensation basis. Third, the real problem is how does one get from a single MSC, to several access tandems and then ultimately to dozens of end offices. This report addresses those issues.
The overall goal of this report is twofold. First to address the technical issues related to the interconnection, especially what options are available to tandem interconnection. Second, what are the resultant regulatory options that may be available to the carrier.
Any new carrier must be aware of these options before they interconnect since these interconnection options present significant fixed costs to the carrier and there may be ways to move these monthly fixed costs into some variable form or to move them into a form of carrier owned facilities.
C-LEC versus CMRS
In this section we develop a detailed review of the new regulatory structure as applied to interconnect. There is a difference between a C-LEC, a competitive LEC, and a CMRS, commercial mobile radio services provider. These are the two classes of players interconnecting under Section 251 of the Act. 18 See the papers by McGarty in Interconnect and access. These discuss the detailed economics and the costs models. The actual interconnect agreement negotiated between NYNEX and WinStar reflects the following rates. It should be remembered that although WinStar is a wireless carrier it is not a CMRS, it is a LEC. It is a C-LEC and thus there are certain distinctions. Also, all three are common carriers, namely the I-LEC, the C-LEC and a CMRS. The remainder of this paper presents the detail regarding the regulatory, technical and operating issues of inter carrier interconnection. 21 Filed with Massachusetts DPU on August 22, 1996. This paper has presented a detailed analysis of the costs of two wireless schemes; PCS and LMDS. The similarities are greatest as are the difference. PCS is a bandwidth limited system, 30 MHz of bandwidth, at 1.9 GHz center frequency. LMDS is 1 GHz of bandwidth at 28 GHz center frequency. One is longer range, although not really that great, and the other is greater bandwidth, but the issue is for what purpose. The underlying question is; is there a sustainable business in wireless or has a glut been created? Also the second question is, if universal service is a socially acceptable and required goal, then which of these technologies is the most resource effective in deployment.
CONCLUSIONS
We argue that any single service, if there is a market, can be competitive. We further argue that wireless may not be the most efficient service for large areas, especially when the population density falls below 200 PoPs/Sq mi. This is especially true in rural areas. Possibly point to point may work but even this is debatable.
The major concern is the general assumption that bandwidth is a scarce resource. This is true if can not been efficiently used. In the current models we see that with PCS alone we can service the entire US telephone network several times over. This may actually mean that the total capital deployed in PCS may be a poor use of capital resources on a national scale. On the other hand this excess capacity in a free market will drive prices down and drive for newer and more creative applications. The missing element has always been the load that data may apply on the system. This may be the savior for PCS.
As for Universal Service, the FCC seems to be focusing on the use of a fund type approach, taking the "taxation" control from the RBOCs. This may be the most effective mechanism. The issue that may academic policy analysts have tried to raise is that a wireless provider, in return for the right given them by the government, have a corresponding right to "play fair" with the monopolists and be required to provide universal wireless service. This bizarre set of reasoning goes beyond the wildest dreams of Schumpeter. First, the PCS entrants have risked billions to buy PCS spectrum, which is more than can be said for the monopolist RBOCs, who in may cases usurped their properties at the turn of the nineteenth century. Secondly, if economic efficiencies are of any importance, why not let the market determine who is the most efficient provider. Thirdly, why must the monopolist be protected. In fact if telecommunications is truly commodicized with wireless, then as we have seen in long distance, the market is very efficient without any governmental strictures such as compulsory universal service.
